This study addresses the mortality of the members of the Saxonian Academy of Sciences and Humanities in Leipzig. In fact, learned societies have been shown to present vanguard groups in the achievement of longevity. We use biographical records from the members of the Saxonian Academy of Sciences from 1846 to 2010 and compare their mortality to German life table estimates, where particularly attention is paid to the mortality differentials between eastern and western Germany. The Saxonian academicians show indeed a higher life expectancy at age 60 than the general German male population, where the gap has been widening since the 1950s. Comparing the life expectancy values for the Saxonian academicians to available estimates of various European learned societies yields a similar longevity, suggesting that the survival of the academicians is less determined by national mortality conditions but that academicians rather share a common health advantage.
Introduction
Members of academies of sciences have been shown to exhibit a remarkably high life expectancy and are being considered as vanguard groups in the achievement of longevity (e.g., Andreev et al. 2011; Winkler-Dworak 2008) . Following the social gradient of mortality, members of learned societies should indeed show much lower death rates than most other social groups. As scientific elites, they not only surpass the highest educational levels, they also occupy (or have retired from) prestigious positions usually associated with high income. Moreover, election into a learned society signifies an "outstanding contribution to science and confers an elevated status with, and to some extent, outside the scientific community" (Andreev et al. 2011, p. 319) .
In this paper, we investigate the mortality of the members of the Saxonian Academy of Sciences and Humanities in Leipzig, which was founded in 1846, to the present. There are several ways how studying the longevity of members of an academy of sciences over such a long period of time may improve the understanding of longevity. First, the life expectancy of such population groups living in favourable conditions may indicate upper bounds of longevity to which national populations may aspire given current knowledge and medical technology (Andreev et al. 2011) , thus contributing to the debate about any further extending potential of life expectancy in general (Martelin 1996; Manton et al. 1991; Olshansky et al. 1990) . Furthermore, the analysis of mortality of such privileged groups may not only yield an approximation to the potential maximum life expectancy in each historical epoch (Andreev et al. 2011 ) but could also provide insights into social differences in mortality when combined with estimates for other social groups or national populations at the time. In addition, such a comparison may be used to construct hypotheses about causes of specific diseases and changes in mortality over time (Martelin 1996) .
The mortality of members of a learned society has attracted the attention of demographers before. Houdaille (1980) studied the mortality of several leading groups in France in the 18th and 19th century, and he noted that French academicians exhibited a remarkably low mortality in comparison with their contemporaries. More recently, Leridon (2004) investigated the demography of the members of the French Academy of Sciences and he found that mortality differentials still persist (Leridon 2005) . Furthermore, Matthiessen (1998) studied the demographic development of the Royal Danish Academy of Sciences and Letters, just as van de Kaa and de Roo (2008) analysed the Royal Netherlands Academy of Arts and Sciences. They also identified a considerably lower mortality for academicians in comparison to the corresponding national population. Winkler-Dworak (2008) revealed that the members of the Austrian Academy of Sciences show an even lower mortality than the Austrian population with tertiary education. In analysing the longevity of members of the Royal Society and the Russian Academy of Sciences, Andreev et al. (2011, p. 328) concluded that "over the past few decades [life expectancy] at age 50 of the [Royal Society], and more recently of the [Russian Academy of Sciences], exceeded that of any national population in the world." Moreover, the trend of the life expectancy of the Russian academy members sharply contrasts that of the Russian population over the past decades, i.e., Russian academicians did not experience the mortality crisis observed in Russia since the 1990s, during a time with political changes and where economic crises hit Russia (Shkolnikov et al. 1998 ).
Saxony as a part of former East Germany also underwent several political, societal and economic changes in history, which have not been without consequences in the development of its demographic parameters. Prior to 1945, eastern and western Germany had an almost identical and demographic composition and behaviour, which was then followed by 45 years under different political and socioeconomic structures resulting in entirely different demographic developments (Gjonça et al. 2000) . In the case of mortality, life expectancy of East German men rose at a slower pace than for West German men resulting in a widening gap of life expectancy. It was the Reunification in 1990, where "the population in Eastern Germany returned to the Western societal and economic system that caused sudden changes in the development of all its demographic parameters" (Luy 2004, p. 99) . In particular, a striking decrease in life expectancy among eastern German men was observed in 1990, coinciding with the Reunification and the ensuing changes, at first called a 'demographic shock' (Eberstadt 1994) or the eastern German 'mortality crisis' (Riphahn 1999; Nolte et al. 2000) . However, the long-term trend was a rapid closing of the gap, which has almost vanished nowadays (Luy 2004; Kibele and Scholz 2009) .
Given the historic political, societal, and economic changes, we might ask whether the Saxonian academicians were insulated from stagnating or negative developments in mortality just like the Russian academicians, and more recently, whether they have benefited from improved survival conditions even more than the general East German population. Does the trend in mortality of the Saxonian academicians parallel that of the general population or does the survival of the Saxonian academicians rather resemble that of other European academicians and is less influenced by national conditions?
This article is structured as follows. Section 2 presents the reconstruction of the data from biographical records of the members of the Saxonian Academy of Sciences and the statistical methods used. In Section 3 the results of the mortality analysis over time are shown. Moreover, comparisons to the general population as well as to previously published estimates of the life expectancy of other European academies of sciences are drawn. Finally, Section 4 discusses the results and concludes.
Data and Methods

Reconstruction from Biographical Records
The data come from biographical records of the members of the Saxonian Academy of Sciences (SAW) from 1846 to 2010. Wiemers and Fischer (2006) (Schlegel 2007 ), 2007 -2008 -2010 , (Kaden 2009 2011) . The SAW was founded in 1846 and structured around two sections-the Mathematical-Natural Sciences Class and the Philological-Historical Class. In 1996 a further section was added, the Class of Engineering Sciences. Membership distinguishes nowadays between full members, corresponding members and honorary members, while in the past (full) membership was (further) distinguished between resident and non-resident in Saxony and corresponding membership was only introduced by 1928. Moreover, in 1884 the bye-laws allowed to elect also extraordinary members with fewer rights (no voting rights) though this status was restricted to residence in Saxony only, i.e. in contrast to the full members, extraordinary members, when moving outside Saxony, lost their membership rather than changing to the group of non-resident members. Eventually, the status of extraordinary members ceased to exist in 1940.
1 Honorary members have been predominately sovereigns and ministers of education, and therefore, we ignore honorary members in this study and only focus on the remaining scientific membership categories.
2
It was after 1945 when there was a peculiar change in the membership as about forty members transferred their place of work and residence from East to West Germany, for personal or ideological reasons. Partially, the move of these Leipzig professors and their families was enforced by the American occupying forces. We investigate the survival of these academicians in comparison to those members who remained in East Germany, as differences in life expectancy have been observed for the general population of East and West Germany after 1945.
The period of observation for the Saxonian Academy of Sciences extends from its foundation in 1846 to 31 December 2010. At the end of the observation period, there was a total of 830 members, of which 21 were females. Hence, due to the low number of females, we perform the subsequent mortality analysis for male members only, of which 573 had died by the end of 2010. Membership is usually lifelong, though for twenty members an end of membership other than by death has been registered (e.g., extraordinary members moving out of Saxony). For seven among them, a date of re-election to the academy has been documented.
Academies carefully maintain their membership registers, so the data quality of the biographical information on the academicians is excellent. In 13 records (1.6 per cent), the exact date of an event was unknown, so we set it by the middle of the given month or year, respectively.
1 For more details on the different membership categories and their changes over time see Wiemers and Fischer (2006) . 2 Honorary member Prof. Gadamer got elected first as full member and then changed his status to corresponding member when moving to Heidelberg and eventually got elected in 1996 as an honorary member. Since he entered the academy as a scientific member, we kept his biographic information in the mortality analysis.
Statistical Methods
For analysing the longevity of the academicians we constructed a survival dataset from the biographical records of the academy members, i.e. we followed the individuals from the date of election to any scientific membership category to their date of death or to 31 December 2010, i.e. the end of the observation period, whichever occurred first. In addition we took care of right-and left censoring due to premature exit and re-election, if applicable. As illustrated by Figure 1 , election into the SAW takes place usually in the middle ages of adult life, with an average tenure of around 20-25 years (Kaden et al. forthcoming, also to be consulted for further details of the member population of SAW).
For a mortality comparison between different groups of members, we applied the log-rank test in order to test for the equality of the survival curves. In order to describe mortality differentials between the academicians and the total population, the life expectancy of academicians for various periods was estimated. Therefore, we aggregated the individual exposure into combinations of age groups and calendar year periods, where we had to employ 30-year and 10-year periods, respectively, due to low numbers. Table 1 summarises the survival data by periods used in the analysis. Tukey (1977) , while the crosses represent outliers. Relating period-and age-specific person-years at risk to corresponding death counts yielded period-and age-specific death rates. By assuming an exponential model, the latter were converted into probabilities and abridged period life tables were estimated for the academicians. In order to evaluate the influence of outstanding academicians regarding their mortality on the results of the survival analysis, we applied bootstrapping for the derivation of 95% confidence intervals. We present life expectancy estimates for age 60 for the academicians as at this age the majority of members have been elected to the academy for all periods except for around the mid-20th century (see Figure 1 ). Due to the advanced age at election, the survival analysis may suffer from selection Therefore, we conducted a sensitivity analysis similar to Andreev et al. (2011) , where we re-estimated life expectancy at age 60 after exclusion of deaths and exposure time for the first 2, 5 and 8 years after election, thus producing an even more selected sample of academicians with respect to age. The resulting differences in the life expectancy at age 60 were only minor (on average up to half a year in absolute terms). Moreover, we decompose differences in life expectancy between academicians and the general populations by age following the method by Andreev et al. (2002) . The analyses were performed using STATA 11 (StataCorp 2009).
Results
The upper graph of Figure 2 presents the life expectancy at age 60 for academy members obtained from overlapping abridged period life tables for 30 year periods shown for the central year of the period. In the first decades of its existence, the life expectancy at age 60 for the members of the SAW amounted to 13.9 years. For the 30-year periods around the 1860s, the graph exhibits a small hump, though its statistical significance is unclear, as indicated by the wide confidence intervals. In the late 19th century, life expectancy at age 60 of academicians remained quite stable around 13-14 years. Then in early 20th century, the estimated life expectancy values at age 60 started to increase, surpassing 17 years in 1943-72 and by 1963-1992 even 19 years. In the most recent decades, the pace of increase in life expectancy at age 60 further accelerated, reaching 23.5 years for the most recent 30-year period, 1981-2010. For the recent decades, the SAW membership size even permitted to investigate shorter periods in order to observe the latest trends in life expectancy more closely. The lower panel of Figure 2 displays life expectancy at age 60 for academy members for overlapping 10-year periods. The steep increase of life expectancy is also evident here, the average gain corresponding to 4.5 months per year! For the latest decade, 2001-2010, the SAW members may even expect 27.8 years of further life at age 60 according to our estimates. Starting from the 1950s onwards, annual life table estimates for Germany are available from the Human Mortality Database and Lebenserwartung.info. Life expectancy at age 60 for the male German population amounted to 16.3 in 1950, which is very close to the estimates for the academicians around that time. However, life expectancy at age 60 for German men exhibits a slight downward trend over the 1950s and 1960s. The mortality increase during this period has been ascribed on the one hand to consequences of the world wars, i.e. negative risk selection of the population due to military losses (Haudidier 1996) and the poor alimentary situation of the population right after the war (Horiuchi 1983) , as well as to serious influenza epidemics (Luy 2004; Meyer and Rückert 1975) . By contrast, the academicians were insulated from these negative developments, with the life expectancy at age 60 for the SAW members increasing continuously and even significantly above the corresponding values for the male German population. By the 1960s at the latest, death rates at all ages declined for German men resulting in a general increase of life expectancy in Germany, as well.
By the mid-1970s, the survival conditions in East and West Germany started to diverge, with life expectancy rising more steeply in West than in East Germany. The life expectancy values at age 60 of the male population in both countries, however, are surpassed by the corresponding estimates for the SAW members. Moreover, the increase of the latter over time is even more pronounced, resulting in a widening gap not only between East and West Germany but also between the academicians and the male populations of both East and West Germany.
Around Reunification in 1990, there was a sudden increase in mortality among East German men. However, this short peak in mortality was limited to ages 15-65 (Dorbritz and Gärtner 1995) , and thus, hardly visible in Figure 2 . After this temporary setback, life expectancy for eastern German males rapidly increased again, implying a narrowing of the gap between eastern and western Germany to 1.4 years at age 60 in 2010. Nonetheless, SAW members exhibit an even stronger increase in life expectancy at age 60, and thus the gap in survival between the academicians and the male population widens further. The latter is also visible from Table 2 which decomposes the academicians-population difference in life expectancy at age 60 into the contributions by broad age groups.
In the decade before Reunification, the age groups above age 70 predominately contributed to the difference in life expectancy between SAW members and East German men, while after Reunification, the shares shifted to the ages below 70. The latter result corresponds to the accelerated decline in death rates observed for ages above 70 in eastern Germany in the 1990s, which has been ascribed to rapid improvements in the availability of medical and nursing care (Gjonça et al. 2000; Luy 2004 ). In the following decade, the contributions to the life expectancy differences between academicians and the male German population are more evenly spread across age groups. In other words, the academicians benefit more at every age from improvements in survival compared to the general male population. Finally, we compare the mortality between SAW members who transferred for personal or ideological reasons their place of work and residence from East to West Germany after 1945 and those who remained in East Germany. In particular, we investigate the survival of 103 full members born in 1875-1911, 42 of whom migrated to the West. In fact, the full members staying in East Germany exhibited a lower mean age at death of about 2.8 years in comparison to their peers who had moved to the West (p=0.08).
As the emigration of members to the West also involved a change in their membership status, we were able to reconstruct their place of residence during their membership. Figure 3 compares the Kaplan-Meier survivor functions of those members by place of residence. The impressively low mortality of the academicians is also evident here: almost one-half of the full members surpassed age 80 even at that time (41.1 per cent of those remaining in the East and 49.8 per cent for those emigrating to the West, respectively).
While there are no visible differences between the survivor functions below age 80, Figure 3 reveals minor differences by place of residence beyond that age. This observation is consistent with the differences in old-age mortality between East and West Germany before 1990 (Kibele and Scholz 2009) . It is well documented that the availability or lack of appropriate medical and nursing care is crucial for old-age mortality. Therefore, differences in the welfare system have been used to explain differences in old-age mortality between East and West Germany prior to Reunification. In particular, while the West German welfare system, characterised as status-preserving and transfer-oriented, disproportionately favoured the elderly, the East German welfare regime focused on the young and middle-aged population (Gjonça et al. 2000) . However, the log rank test does not report the survivor curves by place of residence in East and West, respectively, to be different with any statistical significance. 
Discussion
The members of the Saxonian Academy of Sciences indeed exhibit a remarkable longevity: the academicians have a life expectancy at age 60, which is almost 7 years above the corresponding value for the male German population in the most recent period, 2000-2010. Given the steep increase in the life expectancy of the academicians during the past decades, this finding suggests a remarkable potential of further extending longevity for the German population. In other words, the German population could aspire to a substantial increase in survival to high ages.
However, the survival advantage has varied over time. While the gap in life expectancy was widening in the past six decades, it was virtually non-existent before the mid-20th century. This finding corresponds to previous studies on other European learned societies. Winkler-Dworak (2008) could not reveal a statistically significantly higher life expectancy for the members of the Austrian Academy of Sciences in comparison to the Austrian male population for the late 19th and early 20th century. Similarly, van de Kaa and de Roo (2008) did not find mortality differences between the members of the Royal Netherlands Academy of Arts and Sciences and the Dutch male population before the mid20th century. It was only the fellows of the Royal Society (Andreev et al. 2011 ) who exhibited a higher life expectancy at age 50 than the male population of England and Wales already in the 19th century. The lack of survival advantage of Austrian and Dutch academicians in the 19th century has been interpreted as a consequence of the predominately urban residence of academy members (Winkler-Dworak 2008) as well as being due to epidemics of infectious diseases (van de Kaa and de Roo 2008) . The late 19th century in Germany was also characterised by increasing urbanisation and infectious diseases. Although mortality declined at the end of the 19th century due to medical and social progress and improvements in hygiene, this reduction was predominantly limited to childhood and early adult ages (Imhof 1994).
For the Saxonian Academy of Sciences, the development since the 1950s was characterised by an increasing difference in life expectancy between the academicians and the total population. Such a widening of the life expectancy differentials is documented for all analysed learned societies during that time, i.e. the Austrian Academy of Sciences (Winkler-Dworak 2008) , the Royal Netherlands Academy of Arts and Sciences (van de Kaa and de Roo 2008) as well as the Royal Society and the Russian Academy of Sciences (Andreev et al. 2011) . In general, widening social gaps in mortality in the second half of the 20th century have also been identified by other studies (e.g. Pamuk 1985; Marmot and McDowall 1986) . In particular, Pamuk (1985) finds that the social gradient has been increasing in England and Wales since the 1950s, which is consistent with our findings.
There are two striking observations related to the increasing differences in survival between the SAW members and the general male population: first, the academicians were obviously insulated from the negative trends in life expectancy which occurred among German men in the 1950s and 1960s, quite similar to the Russian academicians who did not experience the mortality crisis among Russian men in the past decades either. Moreover, though there were differences in mortality between East and West German men, we do not find any statistically significant differences in survival between SAW members residing in East and West Germany. Hence, the results suggest that the survival of academicians is less determined by the general national mortality conditions. Secondly, a decomposition of the differences in life expectancy at age 60 between SAW members and the total male population by age reveals that the academicians not only managed to make greater health improvement than the German male population at every age, but also that more than half of the difference is attributable to those aged 70 and above in the most recent period. Andreev et al. (2011) also found an increasing contribution of older ages to life expectancy differences between the members of the Royal Society and the Russian Academy of Sciences and the corresponding national population (although due to the increasing mortality of the Russian men at working age, the largest proportion of the mortality gap is in younger ages). Hence, our findings agree with Andreev et al. (2011, p. 324 ) that "differences in mortality at older ages have become more important in explaining the overall differences in longevity."
The discussion of the results has so far shown that the life expectancy of SAW members follows a similar trend as in other learned societies. Even more, the Saxonian academicians exhibited a life expectancy at age 60 of about 25.5 (23.1-28.2) years for the period 1996-2005, which is almost identical to corresponding values for the Austrian Academy of Sciences (25.7, 3) for that period (Winkler-Dworak 2012) . Only the Russian Academy members showed a slightly lower life expectancy at age 60 of 22.6 (21.6-23.5) years in 1996-2005 . However, in the decades preceding that period the life expectancy values at age 60 were almost the same for the Saxonian and Russian academicians. Hence, there is even a close correspondence of life expectancy values over time among the members of the various academies, particularly in the past decades (Winkler-Dworak 2012) . Indeed, academies of sciences, which comprise foreign and corresponding members, have always been international from their foundation, their members being globally active, with extensive personal and professional contact worldwide, particularly over the past half-century. As Andreev et al. (2011, p. 320) speculate " [t] his could have resulted in the global membership of these groups being early adopters of attitudes, behaviours, and lifestyles beneficial to health."
The longevity of European academicians is remarkable, in particular in the second half of the 20th century. The survival advantage of the academies is all the more striking as the past decades have been characterised by a strong increase in life expectancy for the European national populations, particularly for the older ages albeit, as mentioned in the beginning, not unexpected given the social gradient in mortality. The positive factors, e.g. high level of education and upper professional status associated with high income, accumulate for the academicians. Theories on the social differentials in mortality range from selection, material and structural explanations to cultural and behavioural approaches (for an overview see Townsend and Davidson 1982 and Valkonen 2001) and have extensively discussed for the case of academies of sciences in Andreev et al. (2011) . For instance, a health-related selection effect may arise from their advanced age at election. A sensitivity analysis where the mortality experience of the first two, five, and eight years after election is excluded, and thus, producing an even more selected sample of academicians with respect to age, does not yield significantly different life expectancy estimates. However, the selection may also operate differently as it is likely to assume that only scientists who were particularly robust and not troubled by serious health problems in the first part of their adult life are likely to produce the outstanding scientific achievement which gets them elected to their academies (Andreev et al. 2011 ).
Material and structural approaches explain the mortality advantage of academicians and, more generally, of individuals with higher socio-economic status as they are usually less affected by health-damaging material living conditions and adverse working conditions than lower status groups. Andreev et al. (2011) further note that academicians may usually have experienced better-than-average socio-economic conditions in childhood and it has been shown that favourable socio-economic conditions during childhood reduce the risk of serious health problems in later life (Smith 2004 ).
According to cultural and behavioural explanations, the social mortality differentials are due to differences in the prevalence of risk behaviour such as smoking, alcohol abuse, lack of exercise, unhealthy dietary habits and, by contrast, the adoption of lifestyles which are beneficial to health but also access to, and use of, health services (Valkonen 2001) . Moreover, there is evidence that people with higher educational levels are better at selfmanagement of diseases (Goldman and Smith 2002) . Unfortunately, no information is available about the health-related behaviours of academy members in order to compare them to other social groups. However, if we cautiously interpret the small differences in survival among the SAW members by place of residence in East and West Germany, respectively, due to differences in medical care between East and West Germany before Reunification, we note that the survival differences started at later ages than those observed between the East and West German population at that time.
Other hypotheses for explaining the social mortality differentials in general relate to psycho-social factors, in particular to work-related psychological stress and autonomy and control at work as well as generally in life (Marmot 2004 ). The latter argument may indeed contribute to explaining the longevity of the academicians, as it is the advanced scientific career which is usually characterised by a high degree of autonomy, and the readiness and wish to stay active beyond retirement is more prevalent among scientists than in other professions. Kocka (2011, p. 14) further notes that many scientists even consider research and teaching activities as their mission or purpose in life. Indeed a learned society offers its members, particularly those who had to retire due to age reasons, the best possibilities for continued professional activities and social contacts (Kopetz 2006, p. 230) . Academies of sciences not only serve their members by providing opportunities to carry on their research, they usually even oblige their members to engage in academy activities in their bye-laws. In fact, the productivity of older scientists in terms of publications has increased over the past decades (Stroebe 2010 ) which was possible because of the increasing life expectancy and better health of the academics (Weingart and Winterhager 2011) . Or may we speculate even vice versa? Do academicians live longer because they remain active for longer times, even beyond retirement? One may regard as first evidence the increasing contribution of post-retirement ages to the observed life expectancy differentials between academicians and the general population. However, in order to fully explain the remarkable longevity of academicians, particularly in comparison to other social groups and the general population, more detailed data including life style, health-related behaviour and, most desirably, biomarkers are necessary.
